Quantitative measurements and statistical analysis
To quantify signal levels at least 200 cells were analyzed per cell line in each experiment for each parameter. The cellular levels of HP1 or Tri-Me-K9H3 in cells from HGPS and healthy donors were quantified by single-cell 8-bit grayscale imaging on a Nikon E800 microscope fitted with a CoolSnap CCD camera. Exposure and acquisition setting were fixed and were such that no signal saturation occurred. The average nuclear intensity for each cell was measured using Metamorph software (Molecular Devices). Signal distributions were generated by assigning each average fluorescence signal value to a bin of 30 grayvalues width. Based on the comparison with homogeneous cell populations (CHO cells and mouse fibroblasts), which showed less then 2% of cells in the first two bins, a fluorescent intensity < 60 was defined as a reduced level of the marker (data not shown). Distributions were compared by statistical analysis of corresponding cumulative distributions using the Kolmogorov-Smirnov test. Accumulation of DNA damage was quantified by counting the percentage of cells in a population containing 1-5 foci of phosphorylated H2AX. Statistical significance of the differences between individual cell lines was determined by contingency table analysis and χ 2 test. Statistical significance of the differences between the age groups was determined by Student t-test. To quantify depletion of nucleoplasmic lamin A/C confocal images of cells stained with anti-lamin A/C antibodies were acquired adjusting detection settings such that all cells had similar fluorescent signals at the lamina as judged by intensity pseudocolors. The ratio between average fluorescence intensity in the nucleoplasm and at the lamina was measured and cells with ratio < 0.2 were considered depleted of nucleoplasmic lamin A/C. Statistical significance of the differences between individual cell lines was determined by contingency table analysis and χ 2 test. Statistical significance of the differences between the age groups was determined by Student t-test. Statistical significance of the differences in qRT PCR experiments was calculated between the age groups by Student t-test. When analyzing ∆150 LMNA levels variability within sets of multiple young or old cells was observed, but no statistically significant difference was found when comparing the two age groups.
RNA extraction and RT-PCR
RNA from the different cell lines was extracted using the RNAqueous kit (Ambion) according to the manufacturer's instructions. To extract RNA from tissues, ~ 50 mg of frozen samples were homogenized in 3 ml of Trizol reagent (Invitrogen) using a Polytron PT1035 homogenizer (Kinematica) for 60 sec. After extraction with 0.2 volumes of chloroform RNA was purified from the aqueous phase using RNAeasy minicolumns (Qiagen) according to the manufacturer's instructions. For each sample 2µg of RNA were retrotranscribed using oligo dT and High Capacity cDNA Archive Kit (Applied Biosystems) for 2h at 42°C, after 5 min denaturation at 65°C. Primers for simultaneous detection of full length and truncated LMNA isoforms were located in exon 9 and exon 12 of LMNA (LMNA-RT9F: 5' GTGGAAGGCACAGAACACCT-3'; LMNA-RT12R: 5'-GTGAGGAGGACGCAGGAA-3') (4). To specifically detect ∆150 LMNA RNA, 0.1 volumes of 5M NaOH were added to the cDNA samples in order to hydrolyze RNA. After 30 min incubation at RT 0.1 volumes of 5M HCl were added to the samples. One µl of each cDNA sample was analyzed by real-time RT-PCR in a 25 µl reaction using iQ SYBR Green Supermix (Biorad) in a Biorad iCycler. Reaction conditions were: 3 min at 95°C, 1 cycle; 20 sec at 95°C, 30 sec at 56°C , 41 cycles. Melting curves of the amplified products were obtained to verify that a single amplicon was generated. Primers for specific detection of ∆150 LMNA were located across the aberrant splice junction and in exon 12 (h _LMNA-RTspecM3F: 5' GCGTCAGGAGCCCTGAGC-3'. Three mismatches were introduced in the primer to avoid primer dimers formation and crosshybridization with the full-length LMNA mRNA; h_LMNA-RTspec12R: 5'-GACGCAGGAAGCCTCCAC-3'). Primers used to amplify all LMNA transcripts were located across exon 8-exon 9 splice junction and in exon 9 (h_ LMNA-RTnorm8F: 5'-GGTGGTGACGATCTGGGCT-3'; h_ LMNA-Rtnorm9R: 5'-CCAGTGGAGTTGATGAGAGC-3'). Use of the cryptic splice site in the different cell lines was calculated relatively to HGPS cells by normalizing ∆150 LMNA RNA levels to the total LMNA RNA levels in each sample. Samples were analyzed in triplicate in three independent experiments. End-point PCR products were separated in 2% agarose gels and stained with Etidium Bromide. Data were recorded using a MultiImage Light Cabinet imaging system and quantified with FluorChem software. To detect transcripts of p53 targets quantitative real time RT-PCR analysis was performed using the following pairs of primers: Igfbp3_F: 5'-GCATGCAGAGCAAGTAGACG-3'; Igfbp3_R: 5'-TAGCCAGCTGCTGGTCATGT-3'. p21_F: 5'-GGCAGACCAGCATGACAGAT-3'; p21_R: GGACTGCAGGCTTCCTGTG-3'. Gadd45b_F: 5'-GGTGGAGGAGCTTTTGGTGG-3'; Gadd45b_R: 5'-CAGAGGACCACGCTGTCTG-3'. Cyclophylin was used housekeeping gene control (Cycl_F: 5'-GTCAACCCCACCGTGTTCTT-3'; Cycl_R:5'-CTGCTGTCTTTGGGACCTTGT-3').
Western blotting
Cells from T-25 flasks at 90% confluence were trypsinized, washed once in PBS once in TB buffer (20 mM Hepes, pH 7.3, 110 mM K-acetate, 5 mM Na-acetate, 2 mM Mgacetate, 1 mM EGTA) and incubated for 10 min at RT in 250 µl of TB buffer containing 0.1% NP-40, 20 µg/µl DNaseI, 1x Protease Inhibitor Cocktail Set I (Calbiochem). Cells were then centrifuged for 3 min at 6000 rpm and the pellets resuspended in 60 µl of Laemmli buffer. To extract proteins from tissues, ~ 50 mg of frozen samples were homogenized in 1 ml of TB buffer containing 2x Protease Inhibitor Cocktail using a Polytron PT1035 homogenizer (Kinematica) for 60 sec. After homogenization NP-40 was added to a final concentration of 0.1%. After 15 min in ice homogenized tissues were centrifuged for 3 min at 6000 rpm, pellets were washed with 500 µl of TB buffer containing 0.1% NP40, resuspended in 400 µl of 1x Laemmli buffer, and passed twice through a 25G needle. Equal amounts of the protein samples were loaded on 7.5% mini gels (Biorad). Blotting and immunodetection were performed as described (1) using the N-18 anti-lamin A antibody.
Metabolic labeling and fluorography
To detect farnesylated ∆50-lamin A, wt and HGPS fibroblasts from 80% confluent T25 flasks were labeled for 24 h with 100µCi/ml 5-R,S-[3H]mevalonate (specific activity, 60 Ci/mmol; American Radiolabeled Chemicals), in medium containing dialyzed FBS and 50 µM mevinolin (Sigma) to inhibit endogenous mevalonate synthesis as described (5).
Cells were harvested, washed in TB buffer and extracted with 0.1% NP40 as described above. Detergent insoluble proteins were then extracted in 40 µl of denaturing buffer (1% SDS, 50 mM Tris-HCl, pH 7.4, 5 mM EDTA, 1x Protease Inhibitor Cocktail) as described (6). Ten volumes of non-denaturing buffer (1% Triton X-100, 50 mM TrisHCl, pH 7.4, 300 mM NaCl, 5 mM EDTA, 1x Protease Inhibitor Cocktail, 0.5 mM DTT) were added to the samples and immunoprecipitation was performed as described (6) using 20 µg of either anti-lamin A antibody or irrelevant goat antibody (anti-BLM, Santa Cruz #sc-7790). Following electrophoresis on a 7.5% polyacrylamide gel, the gel was fixed in a solution of 10% glacial acetic acid, 30% methanol for 1 h, equilibrated in DMSO for 1h, incubated in 4 volumes of 20% PPO/DMSO (7) for 3h, equilibrated in water for 2h, dried and exposed to a preflashed film for 3 weeks at -80° C.
Plasmids
To generate the wt pPRO reporter construct, the wt lamin A minigene (1) was used as template in a four-steps PCR. Three fragments were amplified using the following pairs of primers: d1-LMNAminiF: 5'-CCGCTCGAGGTACGGCTCTCATCAACTCC-3' / d1-STOPcloseR: 5'-GCCCAGGAGTTAGGAGCG-3'; d1-STOPcloseF 5'-CGCTCCTAACTCCTGGGC-3' / d1-12endoSTOP_R: 5'-GTCCCAGAATACATGATGC-3'; d1-12endoSTOP_F : 5'-GCATCATGTATTCTGGGAC-3'/d1-LMNAminilongR 5'-CCAGAATTCTTGGCTTCAAGCCCCCTC-3'. The three fragments, partially complementary to each other, were mixed and used in a final PCR reaction in the presence of the d1-LMNAminiF/d1-LMNAminilongR primers. The final amplification product contained a Y645STOP substitution within the region of exon 11 which is deleted upon aberrant splicing and a STOP664Y substitution inactivating the endogenous lamin A STOP codon in exon 12. The product was cloned into the XhoI/EcoRI site of pEGFP-N1 vector (Clontech) in frame with EGFP coding region. The G608G reporter construct was generated in the same way using the mutant lamin A minigene (1) as template. The constructs were confirmed by double-stranded sequencing. Cells transfected with the pPRO reporter constructs express GFP only if aberrant lamin A splicing occurs. Wt and ∆50 pEGFP-lamin A were previously described (1).
FACS analysis
FACS analysis of cells transiently transfected with the pPRO reporter constructs was performed using a FACS Calibur cytometer. Data were acquired using the CELLQuest software and analyzed using the FlowJo software. About 25000 cells were measured for each sample. Prenylated ∆50-lamin A is detected in cells from a healthy individual. A band corresponding to lamin B1 is also detected by fluorography. Western blot analysis with anti-lamin B1 antibodies confirmed the identity of the band indicating that a small amount of prenylated lamin B1 is co-immunoprecipitated with lamin A/C under the experimental conditions used (data not shown). Note that prelamin A, which is not detected by Western blot in both wild type and HGPS cells in contrast to ∆50 lamin A (Fig. 3A) , by fluorography shows a stronger signal compared to the truncated pre-lamin A. These observations suggest that ∆50 lamin A is less modified than prelamin A. B. Western blot analysis of detergent-insoluble protein fraction of heart and liver samples from healthy individuals. Blots were probed with anti-lamin A/C antibodies. ∆50 lamin A is not detected in heart samples, although comparable or higher amounts of full length lamin A are present. While it is unclear whether the absence of this band truly reflects the lack of ∆50 lamin A in heart tissue in healthy individuals, the data shows that the band in question is not merely the consequence of degradation of the samples. In agreement, the band is not detected in mouse fibroblasts grown and extracted in an identical fashion to human cells (Fig. 3A) .
